A 2124 aluminium alloy was reinforced with 5 and 10 vol.% of Al 2 O 3 (40-70nm) to form Metal Matrix Nano Composites (MMNCs) as well as 10 and 15 vol.% of SiC (1-10µm) to fabricate low micron MMCs. It was observed that the nano-sized Al 2 O 3 particles were evenly dispersed in the aluminium matrix while a lot of loose SiC particles settled on the grain boundaries in the low micron MMCs. The relative density of all the composites increased due to sintering, however full densification was not achieved. This result was attributed to the hindered motion of dislocations, grains and grain boundaries by reinforcing particles. The 2124-Al/10%-SiC composite was cold extruded and the extruded part fractured. A metallographic evaluation was carried out and it was deduced that the mode of failure was intergranular cracking. Hardness tests performed after sintering indicated that hardness increased with an increase in volume fraction of reinforcement in the matrix. Annealing of the extruded part resulted in a decrease in hardness.
Introduction
A composite is formed when two or more materials with different properties are combined [1] . In the composite one material is the more ductile matrix while the other is the reinforcement phase [2] . The purpose of the reinforcement is to enhance the physical and mechanical properties of the matrix material, such as wear resistance and strength [3] . Metal Matrix Composites (MMCs) are formed when a continuous metallic phase is reinforced with another phase like a ceramic or another metal to improve its properties [1] . When the particle size of the reinforcement is less than 1µm, the composite material is referred to as a Metal Matrix Nano Composite (MMNC) [4] . Aircraft parts and sports equipment can be made using Metal Matrix Composites due to their good strength-toweight ratio, thermal conductivity and wear resistance [5] .
The main challenge with MMCs and MMNCs is finding a processing technique which will result in a uniform distribution of the reinforcing particles in the matrix as well as achieving strong interfacial bonding between reinforcing particles and metal matrix [6] . The techniques used to fabricate MMCs and MMNCs can be divided into three categories: liquid state, semi-solid state and solid state techniques [6] .
In liquid state and semi-solid state processes the reinforcing particles tend to agglomerate due to high viscosity and poor wettability [4] . The clustering of particles is undesirable because the clusters become preferred sites for crack nucleation [6] . Powder metallurgy is a solid state technique that is commercially used to make MMCs and MMNCs [4] . The challenges of interfacial and surface wetting encountered in liquid state processes are minimised with solid state techniques because diffusivity is much lower since both materials remain in solid form [4] . Industry has taken an interest in composite materials because they have the potential to meet the growing demand for high performance materials. The powder metallurgical process is commercially used to fabricate composites; however composite materials are not used extensively in large scale industrial applications. This is due to the inability to reproduce material properties achieved on a lab scale in mass production. In this work the effect of various process parameters on mechanical properties of MMCs and MMNCs produced via solid-state forming will be analysed. This will aid the development of a powder metallurgical process that can compete with existing solid-state forming processes.
Experimental Procedure
Low micron Metal Matrix Composites and Metal Matrix Nano Composites were fabricated using a solid-state technique. In both cases 2124 aluminium powder was used as the matrix material. In the low micron Metal Matrix Composites the reinforcement was silicon carbide (1-10µm) while alumina (40-70nm) was used as the reinforcing material in the Metal Matrix Nano Composites. 10 and 15 vol. % SiC in 2124-Al as well as 5 and 10 vol. % Al 2 O 3 in 2124-Al composites were fabricated. A high energy ball mill was used for the blending process and the blending media was 5mm steel balls in a steel jar. A scanning electron microscope was utilised to evaluate virgin and pre-blended powders. The powders were then pressed into cylindrically shaped green compacts using a cold press. Cold pressing was employed to evaluate the degree to which the powders could be consolidated at room temperature. diameter and height of the green compacts were 17mm and 10mm respectively. The green compacts were sintered at 500˚C for 45 minutes. The sintered 10 vol. % SiC compact was cold (room temperature) extruded at a speed of 1mm/min using a force of 250kN. The extrusion process was employed to reduce an initial diameter of 17mm to a final diameter of 8mm.The part was then sectioned along its axis of symmetry to make two parts, one for optical evaluation and one for annealing. The underlying microstructures were examined using the LEICA DMI5000M optical microscope, density was evaluated using Archimedes' principle and hardness measured with the FUTURE TECH MICROHARDNESS TESTER FM-700.For hardness testing, ten indentations were made per sample and an average was taken to acquire the hardness.
Results and discussion
Blending. The fine particles on the coarse particles in Fig. 1 and Fig. 2 are the Al 2 O 3 nanoparticles. From Fig. 2 it can be observed that the nano-sized particles are still attached to the 2124-Al powder particles even though the amount of the reinforcing material in the matrix has been increased. From literature it was found that the tendency of nanoparticles to form agglomerates increases as their volume fraction in the matrix is increased [6] . This adherence of nanoparticles to the aluminiumalloy matrix can be attributed to good blending parameters. Sintering. Figure 7 shows that the relative density of all the composites increased due to sintering, however full densification was not achieved. Full densification is represented by the value of 100% on the graph. A material with a relative density of 100% would be one that contains no pores. The dispersed reinforcing particles restrict mobility of grains, dislocations and grain boundaries thus slowing down or hindering consolidation mechanisms during sintering [6] . It can be observed that sinterability improves as volume fraction of reinforcement phase in the aluminium matrix is increased. This result could be attributed to the weakening effect of the agglomerates present in these composite materials. Extrusion. The extrusion attempted to reduce an initial diameter of 17mm to a final diameter of 8mm. The product obtained from the cold extrusion of 2124-Al/-10%-SiC compact is depicted in Fig. 9 . From Fig. 10 it can be observed that the extruded part fractured. The pieces of the fractured part depicted in Fig. 10 were sectioned along their axes of symmetry and a metallographic evaluation was carried out using an optical microscope. This was done to determine the mode of failure. Fig. 11 and Fig. 12 show cracks which initiated and propagated through the brittle SiC situated on the 2124 aluminium grain boundaries. This can thus be likened to intergranular cracking. Hardness after annealing. The extrusion process was employed to reduce an initial diameter of 17mm to 8mm but the part fractured before its entire diameter could be reduced. This resulted in an extrusion product with a narrow head and a cylindrical base (see Fig. 9 ). From Fig. 15 it can be observed that before annealing (i.e. after cold extrusion) the narrow head had higher hardness relative to the cylindrical base. This result can be attributed to the fact that the 'narrow head' underwent a lot of plastic deformation as it was pushed through the 8mm die hole and may have strain hardened under the compressive force. The narrow head became more difficult to deform once it had strain hardened. This explains the narrow head's higher hardness value before annealing. After annealing, the narrow head had lower hardness than the cylindrical base. During the annealing of the narrow head the internal stresses induced by strain hardening had to be overcome first. This means that there was less plastic flow in the narrow head and therefore the distribution of the SiC grains may have been poorer in the narrow head. This could have ultimately led to lower hardness since poor distribution of the reinforcement phase tends to result in areas of weakness in the material. 
